Abstract We conducted a study to assess the effect of family-based treatment on adherence amongst HIV-infected parents and their HIV-infected children attending the Mother-To-Child-Transmission Plus program in Kampala, Uganda. Adherence was assessed using home-based pill counts and self-report. Mean adherence was over 94%. Depression was associated with incomplete adherence on multivariable analysis. Adherence declined over time. Qualitative interviews revealed lack of transportation money, stigma, clinical response to therapy, drug packaging, and cost of therapy may impact adherence. Our results indicate that providing ART to all eligible HIV-infected members in a household is associated with excellent adherence in both parents and children. Adherence to ART among new parents declines over time, even when patients receive treatment at no cost. Depression should be addressed as a potential barrier to adherence. Further study is necessary to assess the long-term impact of this family treatment model on adherence to ART in resource-limited settings.
Introduction
Globally, there were an estimated 33 million people living with HIV in 2007 . Women account for half of all people living with HIV worldwide, and nearly 60% of all HIV infections in sub-Saharan Africa . Among the estimated 3 million people worldwide who were receiving ART at the end of 2007, 61% were female . About 800,000 adults in Uganda live with HIV/AIDS, giving an HIV prevalence of 6.1%. Of these individuals about 60% are women (UNAIDS/WHO 2008) .
While most studies have shown high levels of adherence to ART in resource-constrained settings Bisson et al. 2008; Byakika-Tusiime et al. 2005; Diabate et al. 2007; Etard et al. 2007; Fong et al. 2003; Landman et al. 2003; Laniece et al. 2003; Laurent et al. 2004; Laurent et al. 2005a, b; Mills et al. 2006b; Nachega et al. 2004; Orrell et al. 2003; Oyugi et al. 2004; Remien et al. 2003; San Lio et al. 2008; Tadios and Davey 2006; Weidle et al. 2002; Weidle et al. 2006; Weiser et al. 2003) there has been little discussion about how HIV? women balance the demands of adherence to HIV ART, childcare, and antiretroviral adherence among their children who are HIV-infected. Motherhood potentially places particular stress on HIV-infected women due to higher levels of depression, poorer family cohesion, less ability to perform daily functions, and the need to care for HIV-infected children (Murphy et al. 2002) . In a study to evaluate whether living with children adversely affects adherence to ART in HIV-infected women, Merenstein et al. (2008) found that adherence to ART was inversely associated with the number of children living in the household. Each additional child reported to be living in the household was associated with a 6% decrease in the odds of C95% adherence. The desire to share or ration therapy is a concern for programs that do not provide treatment to the entire family (Crane et al. 2006) . This is particularly important in Uganda, due to the high rates of fertility. Uganda has the third highest total fertility rate in Africa, at 6.81, and the third highest crude birth rate worldwide of 48.15 births per 1,000 population (CIA 2008) . The specifics of how HIV-infected women balance childcare, adherence to their own medication, and adherence among their children need to be further elucidated. Using data from participants in the MTCT-Plus Program in Kampala Uganda, we examined whether having children in a household affected adherence to ART; the effect on adherence when all eligible HIVinfected members in a household are treated; and the factors associated with incomplete adherence in HIVinfected mothers.
Methods

Participants and Study Setting
The study was conducted among patients attending the MTCT-Plus program at Mulago Hospital in Kampala, Uganda. Mulago Hospital is Uganda's largest teaching, referral, and research hospital. The MTCT-Plus program enrolls participants from existing prevention of mother to child HIV transmission programs. It is a comprehensive model of family-centered, multidisciplinary care for HIVinfected patients. The ''Plus'' component provides an essential treatment package of appropriate therapies for mothers and their HIV-infected family members, including basic care for prevention and/or treatment of HIV-related opportunistic infections and treatment with antiretroviral drugs.
Study Description
We conducted a quantitative study to measure adherence among individuals attending the MTCT-Plus program and a qualitative study to understand reasons for incomplete (\95%) adherence among HIV-infected mothers. In order to look at adherence to initial and chronic ART, we recruited individuals who were newly initiating ART and individuals who were on chronic ART. New initiates were followed for 6 months and individuals on chronic treatment received a single assessment.
Recruitment
New Antiretroviral Treatment
Patients initiating ART were recruited if they were antiretroviral (ARV) naïve, residing within 15 km of the city centre, planning to stay within the study area for at least 6 months, and consented to participate. We considered individuals ART-naive if they had never previously taken ART, except for vertical transmission prophylaxis for the women and children. From April 2004 to March 2005 we enrolled a consecutive sample of patients initiating ART at the MTCT-Plus Program clinic. Newly treated individuals received monthly unannounced pill counts and structured interviews, and phlebotomy at baseline, 3 and 6 months.
Stable Antiretroviral Treatment
Patients on stable ART for 2-42 months were identified from the MTCP-plus register. Stably treated individuals underwent a single structured interview and had one unannounced pill count conducted.
Data Collection
After determining eligibility and obtaining written informed consent, the research assistants administered a structured questionnaire in either English or Luganda (the dominant regional language) to obtain socio-demographic characteristics of the participants. The Luganda questionnaire was translated from the original English version and then a second translator back-translated the Luganda questionnaire into English to ensure consistency between the two languages. Mothers or guardians consented for their children below 10 years and children above 10 and below 18 years gave assent to participate, together with consent from their parents. In addition, the research assistants administered the Beck Depression Inventory (BDI) to detect depressive symptoms. This instrument has been used elsewhere in sub-Saharan Africa Kagee 2008; Moosa et al. 2005 ) and validated in similar settings (Awaitefe 1988; Steele 2003) . The validation studies demonstrated high degrees of reliability and validity of the BDI in these settings.
For patients initiating ART, the research assistant did a baseline count of the pills the patient had received from the pharmacy on the day of enrollment. Tracking information, including contact address, telephone, friends' and relatives' names, and places where the participants usually spend their time, was collected. Participants were escorted home to map their home location for future follow-up adherence visits.
Adherence Measures
Three measures of adherence were used: unannounced pill counts, 3-day self report and a 30-day visual analogue scale as previously described (Oyugi et al. 2004) . Adherence measures were collected monthly for patients initiating therapy and once for patients on stable antiretroviral therapy. At each visit, all three measures of adherence were obtained and reasons for missed pills recorded. On the visual analog scale, participants were asked to mark off on a scale that run from 0 to 100%, the point that best described how well they had taken their pills over the previous 30 days. For children using liquid ARV formulations, the amount of each medication taken between home visits was determined by weighing the medications in their containers at the beginning of the study and at the time of the visit. We used a Proscale PR-500 digital pocket scale to measure the weights. The care takers of the children reported the children's adherence.
Biologic Measures
Plasma HIV-1 RNA (viral load) and CD4 T cell counts were assessed at baseline and at 24 weeks for patients initiating ART and once for the patients on stable ART, using the Amplicor HIV-1 Monitor, version 1.5 (Roche Diagnostics, Indianapolis, IN) (lower limit of detection, 400 copies per milliliter) and flow cytometry, respectively.
Qualitative Study
Focus Group Discussions (FGDs)
Three FGDs were conducted to understand the factors associated with adherence. The groups were made homogenous to encourage free discussion among people with similar characteristics. Hence, we formed groups of six HIV positive mothers, five HIV positive male partners, and four HIV negative male partners. Discussions were conducted in the local language (Luganda), facilitated by a research assistant well trained in qualitative research methods. The discussions were tape recorded and transcribed and then translated into English. Patients were asked to describe how they initiated antiretroviral medication and the impact of HIV therapy on their health, their household finances, and their family. Interviews were coded according to theme, and analyzed using an inductive method (Miles and Haberman 1994) . Analysis was conducted through a systematic reading of all focus group transcripts and the development of a series of codes corresponding to dominant themes. These codes were then used to identify recurrent patterns in the data. Results reported here focus on the themes of adherence and medication cost, and are presented in narrative form in order to highlight the complex social dynamics of medication access and adherence described by patients.
Data Analysis
Socio-demographic characteristics were summarized using medians and means, with standard deviations (SD) for continuous variables and using proportions for categorical variables. Depression was defined as a BDI score of C14. For the subjects newly beginning ART, the level of adherence was determined by calculating the average of all individual adherence scores over 6 months. Each measure of adherence was considered separately and an average score for each measure determined. Adherence was also dichotomized at \ or C95%. Logistic regression models were used to determine predictors of adherence and to adjust for the effects of potential confounders in ART treated adults. There were too few subjects to model predictors of adherence in children. Generalized Estimating Equations (GEE) were used to assess the longitudinal effect of time on adherence. Bootstrap standard errors were used to make inferences. All statistical tests were two-sided and considered significant at a = 0.05. Ninety-five percent confidence intervals were estimated for the results.
Results
Baseline Characteristics
One hundred seventy-seven participants were enrolled in the study: 75 patients newly initiating ART and 102 on stable ART. A detailed description of the participants is given in Table 1 . Of the 177 patients 70% (n = 124) were women and 23% (n = 41) were children below 18 years of age. The median age was 30 (IQR = 25-34) years. Among the adults, the majority of the patients (65%) were married. S84 AIDS Behav (2009) 13:S82-S91 About half of all the patients (49%, 74/149) had primary education as the highest level of education attained. Some children (n = 25) and adults (n = 3) had not received any formal education. Seventy-one percent (n = 126) of the patients reported having at least one other household member infected with HIV while 38% (n = 68) reported having at least one other member of the household on ART. The median baseline CD4 cell count for the new ART initiates was 161 cells/ll while that for patients on chronic treatment was 402 cells/ll (IQR = 279-605).
Adherence
New Antiretroviral Therapy
Mean (±SD) adherence was 98.3 ± 7.3, 98.0 ± 6.4 and 98.5 ± 5.7% by 3-day self report, 30-day visual analogue scale and home based unannounced pill count for all observations, respectively. Median adherence by all measures was 100% (Table 2) . Sixty-six participants (88%) had C95% adherence by pill count. Among those with average adherence C95% by pill count, 83% (54/65) achieved virologic suppression (B400 copies/ml) at 24 weeks of follow-up (Table 4) .
Stable Antiretroviral Therapy
The mean, median, and range of the duration of ART prior to enrollment were 11.8 ± 4.5, 11.0 (IQR = 8.0-15.0), and 2-42 months, respectively. Mean (±SD) adherence was, 100 ± 0.0, 100 ± 0.0 and 94.1 ± 10.7% by 3-day self report, 30-day visual analogue scale and pill count, respectively. All patients reported C95% adherence, but pill counts showed that only 60% of the patients (61/102) had C95% adherence.
Adherence in Children
Mean (±SD) adherence was 98.1 ± 4.6, 97.8 ± 5.7 and 100 ± 0.0 by 3-day self report, 30-day visual analogue scale and pill counts, respectively for children initiating ART (Table 3) . Among chronically treated patients, the mean, median, and range of antiretroviral therapy prior to enrollment were 13 ± 7.3, 10.5 (IQR = 8-17.5) and 5-42 months, respectively. Mean (±SD) adherence was 100.0 ± 0.0, 100.0 ± 0.0 and 87.7 ± 14.6 by 3-day self report, 30-day visual analogue scale and pill counts, respectively. All patients [through their guardians] reported C95% adherence, but pill counts showed that only 36% of the patients (10/28) had C95% adherence.
Predictors of Adherence
In a combined multivariable analysis of individuals newly initiating ART and of those on stable ART among adults, only depression was found to be a predictor of adherence month longer had 0.9 times the odds of achieving C95% adherence. Reasons given for incomplete adherence were forgetfulness, side effects, traveling away from home and lack of money for transport to the clinic to refill their prescriptions. Separate multivariable analysis results for new ARV initiates and chronic patients are given in Table 5 .
Qualitative Findings
Fifteen individuals participated in the Focus Group Discussions. Eight of these also participated in the quantitative study. Demographic and socioeconomic data were not collected for the qualitative study hence these descriptive data are available only for those participants who also participated in the quantitative study. A summary of the characteristics of the participants for whom we collected descriptive data is given in Table 6 . Participants in the qualitative study were similar to those in the quantitative study. We have no reason to think that the seven participants who did not participate in the quantitative study were significantly different from those who participated in the quantitative study given that all participants in the qualitative study were selected from the same pool of ARVexperienced patients in the MTCT? program. Adherence rates were comparable between the two study groups (99.0 ± 2.0 vs. 94.1 ± 10.2). Similar to a previous report in patients on self-pay antiretroviral therapy (Crane et al. 2006) ; the most common motivator to adhere to ART was the desire to stay alive in order to care and support one's children and other family members. Improvements in children's health status motivated their mothers/guardians to ensure that their children adhered to their prescribed medications. As one respondent said,
In my case, this virus made me worry about my child. I would fail to eat food, I would be crying all the time. Whenever I looked at my child he was diminishing, turning into bones. But since my child started taking medicine I became stronger, and I stopped worrying.
(HIV-positive mother)
Participants identified their spouses as important sources of adherence support. Spouses reminded them to take their medicines. Type of packaging of medicines was also a factor in adherence. Packaging that separated daily doses was very helpful in keeping track of whether or not that day's doses had been taken. This packaging was preferred to tablets in bottles and liquid medications.
Self pay therapy has been associated with missed doses (Byakika-Tusiime et al. 2005) . The MTCT-Plus program provides ART at no cost to its members. Many participants stated that they would not have had access to antiretroviral medications without MTCT-Plus, because they could not have afforded it. Provision of no-cost therapy to all eligible HIV-infected individuals in the household ensured sustained adherence. As has been reported in other studies (Mills et al. 2006a; Nachega et al. 2004; Weiser et al. 2003) , perceived stigma was commonly reported as a barrier to access and adherence to ART.
These days when people come to know that you have AIDS they don't want to come near you, as if you are an abominable thing (''bakwenyinyala''). You cannot feel free. Wherever you go they start talking, ''See that one, she is sick.'' (HIV-positive mother)
Women who test HIV-positive through the MTCT-Plus program are required to inform their partners of their HIV status in order to obtain ART for themselves and their family members. Disclosing their status was often very difficult for women, who feared that their partners would blame and/or abandon them upon hearing the news. Some women dealt with this challenge by keeping their HIV infection status a secret until they were able to bring their partner in for testing:
[After testing positive] I went back home and first kept quiet for two days. I asked myself, how can I approach him to tell him? One day when he came back I told him, they checked my blood but they refused to give me the results until I take my spouse in for testing. I convinced him and he accompanied me. (HIV-positive mother)
Clinical response to ART in children was an important factor in reducing stigma. One woman described how giving birth to a healthy baby caused her family to reverse their assumption that she was dying of AIDS and became supportive again:
You scare people so much that they take you out of their thoughts. They think you are dead even before your time, and count you among those who died long ago. And yet you are still alive…. There was a time when I had a skin rash all over and one of my sisters asked, ''What is it, what is it?'' She said ''You look like an infected person.''…. Then when she saw that since giving birth, my baby was not falling sick (the other children used to be sickly), that my baby was looking nice, did not have a rash, and was growing fast she said ''I used to think you were infected. I had taken you out of all of my plans.'' I responded that ''I am not infected, don't you see my baby?'' So that's where I ended her suspicions about my being sick. Now she knows that I am not infected, which is not true. (HIV-positive mother)
Explaining antiretroviral use to children was cited as a challenge to long-term care of HIV? children. Parents generally did not tell their children why they were giving them medicine, but some children started to inquire:
The thing that disturbs me is that I always think what will I tell my child when he grows to a level of understanding and he asks me why he is taking drugs. Because even now he asks me, 'Mummy I no longer cough but why am I still taking drugs every day?' What will I tell the child? (HIV-positive mother)
Discussion
Near perfect adherence to ART was observed in mothers and children when treatment was provided to all eligible HIV-infected members in the family. These high levels of adherence confirm findings in other resource-limited settings (Byakika-Tusiime et al. 2005; Fong et al. 2003; Landman et al. 2003; Laniece et al. 2003; Laurent et al. 2004; Laurent et al. 2005a, b; Nachega et al. 2004; Orrell et al. 2003; Oyugi et al. 2004; Remien et al. 2003; Weidle et al. 2002; Weiser et al. 2003) . Our findings contrast with those of Merenstein et al. (2008) , who found an inverse relationship between adherence and the number of children in the family. The major difference between the two studies is that in our study, all household members had an opportunity to be treated and there was complete disclosure of HIV sero-status. Together with Merestein findings, our findings suggest that adherence is supported by a familybased model that promotes disclosure and provides free therapy to all individuals in a household.
Depression was significantly associated with incomplete adherence. This is consistent with observations in resourcerich settings (Boarts et al. 2006; Gibbie et al. 2007; Turner et al. 2003; Villes et al. 2007; Vranceanu et al. 2008 ) and resource-limited settings Campos et al. 2008; Pina Lopez et al. 2008; Poupard et al. 2007 ). In a meta-analysis of the effects of depression and anxiety on patient adherence, depressed patients had three times the odds of noncompliance compared to non-depressed patients (DiMatteo et al. 2000) . The observation that depression is inversely associated with adherence suggests that treatment of depression may improve adherence to medications (Dalessandro et al. 2007 ). The qualitative study however, did not identify depression as a significant factor for adherence. This is possibly because we did not specifically ask about depression and its effects on adherence during the FGDs. Lack of money for transportation, and stigma were identified as additional barriers to adherence. Ware and Bangsberg have hypothesized that HIV? individuals in sub-Saharan Africa achieve exceptional ART adherence, despite enormous adherence barriers, because of a synergistic cycle created by the support of close social relationships to overcome adherence barriers (Ware et al. 2008 ). In the context of this support, ARTtreated individuals feel a responsibility to reciprocate this assistance, which is only possible with preserved health and excellent adherence. Reciprocation then strengthens these social bonds and the ability to ask for further assistance. Depression and stigma have an impact on adherence by disrupting the support, or social capital, provided by these reciprocal relationships.
New mothers are at risk for post-partum depression (Wisner et al. 2002) . Early parenthood is also a vulnerable time with regard to stigma, as many mothers first learn of their HIV status during delivery. This may explain the observed significant effect of depression among new initiates on ART where as among chronically treated patients this effect [depression] was not observed. These factors may contribute to the decline in adherence we observed in this population. It is interesting that while declining adherence is common in resource-rich settings, it has not yet been reported in resource-limited settings. If fact, two recent longitudinal studies found no decline in adherence Muyingo et al. 2008 ). In the Muyingo et al. study, adherence was good ([95%) for 87% of the participants in the first 4 weeks and this proportion improved over the first year of treatment. Our population of new parents may be particularly vulnerable to the impact of stigma and depression. Interventions to reduce depression and stigma among new HIV? parents may be an important strategy to maintain adherence in resource-limited settings.
There have been concerns about development of resistance to antiretroviral drugs with increased use of a single dose of nevirapine (Sd-NVP) for prophylaxis of MTCT in HIV? women and in infants who nevertheless become infected (McIntyre 2006) . In our study, where all women and children had been exposed to Sd-NVP, 83% of those with adherence C95% achieved suppression of HIV (B400 copies/ml) at 24 weeks of follow-up. While we did not test for antiretroviral drug resistance, our results suggest that the majority of highly adherent women and children exposed to Sd-NVP at delivery nevertheless achieved suppression of HIV. One limitation in this interpretation, however, is that we did not collect information on the time from delivery to the time of initiating ART. Lockman et al. (2007) found that Sd-NVP is not associated with treatment response when ART is initiated more than 6 months after Sd-NVP in the mother and child (Lockman et al. 2007) .
Two of our adherence measures were by self-report. This could introduce information bias and misclassification of participants into adherence categories with respect to these measures. Our self-report measures generally produced results similar to the objective measure of adherence [unannounced pill counts]. Our analysis was based on the unannounced pill counts. The discrepancy between the proportion of patients with adequate adherence (C95%) between the objective measure and the subjective measures (60 vs. 100% for all subjects and 36 vs. 100% in children) suggests that the objective measure may be more accurate in identifying non-adherent patients, while the subjective measure may only be good for identifying trends in adherence. Our adherence results for the children are comparable to other studies (Nabukeera-Barungi et al. 2007; Williams et al. 2006) . Lower levels of adherence in the children suggest that their care givers may not be administering the medications as prescribed. We did not have a sufficient number of children to address predictors of adherence in this group. Another limitation of this study is that our findings were in early participants in the MTCTPlus program before free antiretroviral therapy was widely available in Uganda. As a result, the participants in this study may not be representative of the larger HIV? population. Finally, our study did not have a control group that would enable us to evaluate the effectiveness of the MTCT? model in improving patient adherence to antiretroviral therapy. However the findings from this study generate a hypothesis that may be tested in future studies.
There are some limitations to the focus group data. First, the transcripts did not distinguish between participants, so it was not possible to discern whether participation was roughly equal throughout the group or if the discussion was dominated by the opinions of a few. Also for this reason we were not able to link different statements made over the course of the discussion to particular participants, which made it difficult to get any sense of them as distinct individuals.
In summary, our results suggest that providing ART to all eligible HIV-infected members in a household promotes adherence. Further study will be necessary to assess the long-term impact of this family model on adherence to ART in resource-limited settings. However, we also found a significant decline in adherence over time. Interventions to sustain high levels of adherence should be designed and implemented, one of which is treatment of depression in patients on ART.
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